Centre; Dr Summary Seven weeks after he was bitten on the lip by a puppy in the Gambia a patient showed symptoms of rabies. Passive and active immunisation was begun three days after the onset of symptoms. The evidence indicated that death was a direct consequence of the central nervous system disease rather than any associated complication. Our inability to alter the course of the illness appreciably emphasises the importance of immediate postexposure immunisation in rabies and draws attention to the present lack of effective means of preventing virus replication within the central nervous system.
Introduction
Human rabies has been regarded as a rapidly fatal disease, but recently two patients who were vaccinated before the onset of symptoms have recovered,' 2 and there have been reports of prolonged survival in others not vaccinated but treated intensively.3-5 Optimal intensive care might reduce mortality,' 4 but our experience, reported here, suggests that in a previously unvaccinated patient death occurs from direct nervous system damage and not from recognised complications. This conclusion may have implications for environmental health in the United Kingdom as rabies spreads westwards.
Case report
A 37-year-old man was bitten on the lip by a stray puppy in the Gambia on 14 April 1975. No further action was taken and nothing certain about the animal is known. Fifty-one days later the patient developed tingling on the inner aspect of the left arm, which by the next day had spread to affect the whole arm and to a lesser extent the other limbs. He also had difficulty in swallowing fluids but could eat food. On the third day his wife ran him a bath, but he became agitated and was unable to wash. On admission to the Royal Hospital, Banjul, he was agitated and continuously spitting saliva into a towel. Examination showed nothing abnormal except absent tendon reflexes. He asked for a drink but when this was brought he suddenly leapt to his feet and rushed to the window uttering a strangled cry. The referring physician saw this episode, questioned the patient about previous bites, and diagnosed rabies. Chlorpromazine and intravenous fluids were given followed by duck embryo vaccine Neutralising antibody titres were obtained by cerebral inoculation of mice and international units (not shown in figure) calculated by reference to standard sera. They were 1/22 (0-5 IU/ml) on day 7, 48 hours after receiving horse antirabies serum (the method does not distinguish between horse and human antibody) and 1/125 (3-3 IU/ml) on day 10 after receiving human antiserum, falling until day 18 
Discussion
There can be no doubt about the diagnosis in this case despite our failure to isolate the virus. The history, the characteristic hydrophobia, and the great rise in antibody titres are consistent with findings in other cases of rabies,3-5 and the titres were well above those seen with vaccination alone. Antibodies were also present in CSF. Vaccination began only after the appearance of clinical signs so vaccinal rabies encephalomyelitis can be excluded.
It is well recognised that virus cannot be isolated from either animals6 7 or men3 5 who have survived with the disease for long periods. This process of "autosterilisation" presumably accounts for the failure to isolate virus in the two reported cases of recovery from rabies1 2 and in our case.
The problems of management, which were similar to those in other reported cases, concerned many systems. It has been suggested 3 4 that successful management of these problems might lead to recovery without prior vaccination. Unfortunately our case provides no support for this view, for the reasons set out below.
In one patient with rabies who received intensive care3 cardiovascular problems were prominent and were the eventual cause of death. Our patient suffered only two episodes of hypotension, on days 7 and 27. The first, resulting from our failure to take account of salivary losses of 2 litres a day, was corrected within 30 minutes by fluid administration; and the second, associated with a severe bradycardia, lasted less than three minutes. These episodes seem unlikely to have contributed to the neurological deficit as the EEG was normal for some days after the first episode and had shown no cerebral activity for a week before the second. At no stage was there circulatory arrest, nor was there any necropsy evidence of myocarditis.8 Dysrhythmias were easily controlled with atropine and propranolol and unlike other cases3 there were no major thrombotic episodes, possibly owing to the use of lowdose heparin.
Abnormal lung function has been described in rabies' 3and a specific rabies pneumonitis has been postulated, though this has not been universally accepted.9 Our patient showed only chest infection with consolidation (a common complication or artificial ventilation) and maintaining adequate blood gases was not difficult.
Renal function remained excellent throughout. Extrarenal fluid and electrolyte problems were prominent but correctable.
Nevertheless, despite the successful management of complications, there was progressive damage to the nervous system. The typical early features of paraesthesiae, anxiety, irritability, and restlessness, accompanied on day 3 by absence of tendon reflexes, which possibly indicated early peripheral nerve damage, gave way to hydrophobia and muscle spasms on day 5. The patient was lucid on day 6 but was unresponsive to painful stimuli four days later. The EEG began deteriorating on the 10th day and progressively declined, showing no cerebral activity by day 20. Damage to peripheral nerves seemed to parallel that of the central nervous system. There were spontaneous movements on day 10 but from day 14 the nerves were inexcitable.
Mild papilloedema and a slight increase in CSF pressure as seen on day 17 has been described by others,3 but this was unlikely to have contributed greatly to the neurological deficit in our case which, on the EEG evidence, was already well advanced.
The progressive and total destruction of the nervous system, suspected clinically, was confirmed at necropsy. Although autolysis after brain death'0 might have accounted for some changes, it could not have accounted for the total loss of neurones in brain and spinal cord that was associated with Wallerian degeneration in peripheral nerves, loss of dorsal root ganglia, and extensive mononuclear infiltration.
Other patients who have survived for long periods have shown similar changes,3-5 7 as has one patient who died after exposure to a "fixed" strain of virus and who was not ventilated." Dupont and Earle,'2 reviewing 49 cases of rabies, were unimpressed by degenerative changes in nerve cells, but their patients died on average 7-4 days after the onset of symptoms. Prolonged survival seems to allow extensive changes to occur. The paralytic form of rabies has been recognised for many years."3-"5 The findings in the spinal cord and dorsal root ganglia were similar to those in other reports13 16 
